This suggests that transposon silencing occurs via RNA suggesting that the absence of transposition could be interference, possibly via an RNase activity of MUT-7 the result of negative regulation. This is in line with the that is directed to its target by dsRNA. We speculate that the natural function of RNAi may be to silence multicopy sequences (such as viruses and transposons), which
(43 in 15,000 genomes). One of these mutants is mut-7(pk204). We and others have successfully used this strain to isolate Tc1 insertions into various genes, demonstrating complete transposition of the Tc1 element.
Apart from Tc1, other transposons are also found in the genome of C. elegans. All of these elements produce their own transposase, needed for activity. We showed previously that the transposases of Tc1 and Tc3 do not cross-activate (Vos et al., 1993) . Remarkably, when we made Southern blots of several independently grown mut-7(pk204) strains and probed these for Tc3 polymorphisms, these were also seen (Figure 1 ). We also found that Tc3, Tc4, and Tc5 alleles of unc-22 are able to revert when mut-7(pk204) is present (Table 1 ). This shows that mut-7(pk204) does not specifically activate Tc1 but instead mobilizes different transposons.
How can one mutation activate all these transposons? A hint is provided by data from Kelly and colleagues, who found that silencing of repetitive genes in transgenic DNA is context dependent: multicopy transgenes get shut off in the germline but not in the soma, while these same constructs are expressed in the germline in a less repetitive environment (Kelly et al., 1997). Tabara et al. (1999) now show that mut-7(pk204) can desilence a repetitive transgene in the germline. This suggests that a mechanism may exist that 
RNAi Resistance
How then can a single mutation, such as mut-7(pk204), affect the expression of multiple unrelated transposons? strand, by a readthrough mechanism. These can form A recent study (Tabara et al., 1999) shows that mutants dsRNA, which triggers degradation of the transposase of C. elegans can be isolated that are resistant to RNAi. mRNA, preventing the production of transposase proRNAi is the experimental silencing of gene expression tein and transposon jumping.
by a dsRNA of a region from that gene. were mut-2(r459) and mut-7(pk204). They also found activated. As described in detail in Experimental Procethat the mutator mut-6, which spontaneously arose in dures, we took a transposon Tc1 allele of a muscle gene, a Bergerac background (Mori et al., 1988), was not RNAi originally isolated in a transpositionally active strain, and resistant. We tested our EMS-derived mutants from substituted its genetic background for that of Bristol Bristol N2 and found 22 out of 30 mutants, including N2, by repeated crossing. Hence, this transposon allele mut-7(pk204), mut-7(pk719), and mut-7(pk720) to be reshows no reversion. We then cloned out F1 animals sistant to RNAi (Figure 2) . Thus, there is a significant after mutagenesis and searched among 7500 of them overlap between these two classes of mutants, sugfor cultures that showed reversion of the Tc1 allele in the gesting RNAi and transposon silencing are intimately progeny. These could be isolated at knockout frequency connected.
Pleiotropic Effects of mut-7(pk204) The homozygous self-progeny of both types of heterozygotes (mut-7(pk204) introduced either via the famutator strain (Mori et al., 1990). It was found that introduction of the mutator via the mother resulted in higher ther or the mother) show a full mut-7(pk204) phenotype, when the RNAi resistance is assayed ( Figure 4B ). It does transposition frequencies compared to introduction via the father. We checked this for the mut-7(pk204) allele not matter whether the original mut-7(pk204) allele had been introduced into the heterozygote through the male and also determined how the phenotypes behave in In between these endpoints, nucleotides 15,754 to sensitive than the transposition assay in discriminating subtle differences in MUT-7 activity in the subsequent 15,764 are repeated once in a direct orientation. This deletion removes ZK1098.8(mut-7) and ZK1098.4(GCN3 generations. Second, this may be the result of two independent epigenetic effects; first, the RNAi resistance homolog) completely. Together, these data show that phenotype needs to be established in one generation, loss of MUT-7 activity relieves a block on transposition and then the levels of transposase need to be estabactivity. The data also show that a complete loss-oflished over the next two generations. In either case, it function mutant of mut-7 plus the genes ZK1098.3, will be interesting to further analyze this epigenetic ef-GCN3, and ZK1098.9 is viable. The phenotype of the fect that develops over four generations. point mutants do not seem less severe than that of the deletion allele, arguing that pk204 and pk719 are also null alleles. The mut-7 Gene Is a Homolog of RNaseD In addition, we are able to rescue the mutant phenoand Is Nonessential type of mut-7(pk204) by introducing a wild-type copy To better understand the molecular basis for transposon of ZK1098.8 on an extrachromosomal array (see Experisilencing and RNAi, we identified mut-7. Since mut-7
mental Procedures). This shows that the mutations idenhas a role in the germline, it might be difficult to clone tified in the mut-7 gene are sufficient to cause the obthe gene by rescue experiments, as transgenes are often silenced in the germline (Kelly et al., 1997) . Therefore, served phenotypes. ., 1998) ; it is also known that after RNAi, the resident mRNA is one of the natural functions is to silence transposons and viruses in the germline; the one and only thing all largely lost (Montgomery et al., 1998; Sharp, 1999). We propose that the RNAi machinery, consisting of dsRNA these elements have in common is that they are present in several copies at more or less random locations in as well as MUT-7 and probably other proteins, is directed to mRNAs by the dsRNA component. This would the genome. Thus, their common Achilles heel is that, once their copy number has reached a certain level, presumably require some form of base pairing between the dsRNA and the target RNA, possibly after (partial) they will be transcribed from both strands: one strand by readthrough of one copy, the other strand by other unwinding of the dsRNA. After successful targeting, the target RNA will be degraded by protein(s) in the complex, copies in the genome. In contrast, single-copy genes will usually be transcribed from one strand only ( Figure  such as MUT-7 (Figure 6A ). The dsRNA component will not be affected by the exonuclease activity and can 6B). Thus, all the organism would need to do to protect itself against selfish DNA is to use the presence of subsequently target the complex to a new mRNA molecule. It is likely that other mutants in the set described dsRNA as a trigger to degrade all corresponding transcripts ( Figure 6A ). above will define additional proteins involved in this complex.
Alternatively, dsRNA could be generated through a mechanism that is independent of the copy number of a given element. Since many elements (including Tc1, Discussion Tc3, Tc4, and Tc5, tested in this study) contain inverted repeats at their termini, RNA from these regions can MUT-7 Is a Homolog of RNaseD At this time, mut-7 is the only mutator gene charactereasily form dsRNA. In this way, a single copy could already be detected and trigger silencing. ized at the molecular level in C. elegans. Figure 5B In this study, we describe a similar screen for mutator mutants as was carried out by Collins et al., except that we started with a completely transposition-deficient strain of almost complete Bristol N2 background. We also found a mutant (mut-7(pk204)) that activates many transposons. Thus, the mut-7 and mut-2 loci are EMS induced and regulate many transposons and as such may differ from mut-4, mut-5, and mut-6. It should be noted that it has not rigorously been tested to what extent these mutator genes are really different from the mut-2 and mut-7 type of mutants. We cannot currently exclude that mut-4 (and thus mut-5 and mut-6) is a transposable element, but there is an alternative interpretation. The mobility of the mut-4 locus was inferred because after removal of the mut-4 locus from a strain, there was a new mutator locus that mapped to a different genetic locus. It is possible that these are simple lossof-function loci, of the mut-7 kind, caused by insertion of a transposon activated by the original mutator (mut-4). This means that the mutagen is a transposon, but it does not mean that the transposon is the mutator; it may have inserted into a mutator gene and possibly inactivated it. This would also explain why the mut-4, mut-5, and mut-6 mutator strains show the same kind of temperature-dependent sterility and Him phenotype as the mut-7 and mut-2 mutators. A better understanding will require the molecular identification of these loci. 
Alternative Models and Other Levels of Regulation

Waterhouse et al., 1998).
From there the analysis was as described in (1).
C. elegans has clear homologs of the RNA-dependent
The number of revertants in the progeny of a given generation RNA polymerase that was recently found to be required sistance loci will be required to elucidate the complex The F1 of these crosses was subjected to RNAi using the assay described by Tabara 
